Abstract
Introduction

The heart is a heterogeneous organ composed of different types of cardiomyocytes (CMs), capillaries, nerves and a large variety of interstitial cells. Among interstitial cells, telocytes (TCs)
have been recently described as a novel type of cell in the mammalian heart [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [4] [5] [6] [7] [8] , epicardium [9, 10, 13] , endocardium [14] and cardiac stem cell niches [3, 11] . The concept of TCs was adopted by other laboratories [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] .
. TCs are interstitial cells with exceptionally long cellular processes -telopodes (Tp) -which form an interstitial network connecting different types of cell from myocardium
TCs seem to be involved in long-distance intercellular signalling, taking into account the 3D network made by coupled long Tp and the release of shed vesicles/exosomes [1] . Direct junctions between TCs and cardiac progenitors have been reported in cardiac stem cell niche [3, 11] . The proximity of Tp with intercalated discs has been reported [7] 
Material and methods
This study was performed on mouse heart samples obtained from 8-month-old C57BL/6 mice. The tissue samples were processed according to routine Epon-embedding procedure, as previously described [5, 7] (Fig. 1D) .
Snapshots of digital sections from ET reconstructed volumes did not suggest the existence of any kind of classic junctions between TCs and CMs.
Fig. 1 (A)-(C) Electron microscopy on 250-nm-thick sections shows a TC extending a Tp beneath basal lamina (black arrows) of the CMs (CM1, CM2). id: intercalated disc. (B) Higher magnification of dashed rectangle in (A). The membrane of Tp has two distinct contact points (white arrows) with the membrane of CM. (C) Higher magnification of red dotted rectangle in (A). The Tp is enclosed by CM1 and a small process of CM2. Basal lamina (black arrows) goes over CM2 and covers the Tp. No basal lamina is visible in between CM1 and Tp. (D) Transmission electron microscopy images (a-d) of serial sections show that contacts between Tp and CMs (CM1, CM2) are discontinuous and limited to small areas (arrowheads). id: intercalated disc. Scale bars: (A), (B), (D) -1 m; (C) -0.5 m.
One reconstructed contact (Fig. 2) Fig. 3) with symmetrical distribution fastening the connection between TCs and CMs. [33, 34] . Heterocellular communication is also important for heart physiology and pathology and we demonstrate here that TCs are directly involved in the myocardial function throughout molecular interactions.
Another reconstructed contact between one TC and two CMs had a more complex appearance (Figs 3 and 4). A dilation of Tp (podom) accommodating a mitochondrion and a cisterna of endoplasmic reticulum was located in a niche made by two CMs connected by the intercalated disc (Fig. 1). CM membrane had caveolae and endoplasmic reticulum cisternae and multivesicular body were located beneath the membrane. The connection between TCs and CMs showed no typical features for different types of junctions known, but small nanopillars (10-15 nm / 20-30 nm) connecting the cellular membranes (Fig. 4). The bridging structures suggest a molecular interaction between the Tp and CMs but their electron density was below the density of membranes and isosurface reconstruction was not enough appropriate to imagine these nanostructures. Different sections through the reconstructed volume showed clusters of nanocontacts (
Discussion
Homocellular communication is essential for cardiac physiology
Structural coupling of cardiac myocytes and fibroblasts was reported, especially in pathological sates [35] . 
Fig. 3 ET shows small electron-dense structures (arrows) connecting the cellular membranes of a TC (Tp) and two CMs (CM1, CM2). A mitochondrion (m) is visible in the dilation of the Tp (podom). (A) A digital slice shows small electron-dense structures connecting Tp and both CMs. (B) A projection view and (C) a multiplanar view of the same region shows that nanocontacts are clustered (arrowheads). Scale bars: 250 nm.
spindled cells with a cytoplasm dominated by rough endoplasmic reticulum [36] and we were unable to find fibroblasts in normal heart to investigate the heterocellular junctions between fibroblasts and CMs. In normal heart, TCs seem to be the main interstitial cell [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and we believe that one of the most important roles of TCs is long-distance heterocellular communication [1, 11, 37] . However, it should be emphasized that, for the moment, (too) many people are focused on myocardial fibroblasts [38] . TCs appear to be involved in some cardiac pathological events [39, 40] .
The heterocellular communications between TCs and CMs do not belong to classic types of junctions found in textbooks [41] . More likely there are molecular interactions which need to be identified. For instance, the macromolecular assembly we have described in one type of TC-CM connection (Fig. 2) suggests the presence of the ryanodine receptor (see for instance Figure 4 in [42] ). We assume that TC-CM interaction is essential not only for cardiac development [15, 20] , renewal [2, 3, 11] and repair [2] but also plays a significant role in cardiac physiology. In conclusion, this study proves that TCs and CMs are unequivocally physical connected and might represent a 'functional unit' of the heart.
